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EXECUTIVE SUMMARY:

The baseline sampling program demonstfates that the mid-region of the
Bay has avpersistent background of petroleum hydrocarbons. The higﬁest
levels are at the Patapsco Station and-refléct anthropogeﬁic inputs from
heavily industrialized and densely populated areas. Most"sﬁméles_of both
biombnitoré and sediments from this :egion show both chronic and recent

inputs as indicated by a series of resolved peaks over a backgroﬁnd of

degraded petroleum hydrocarbons. The distribution of componénts present:

indicate a mixture of sourées. It is against tﬁis background of chronic
inputs that any additional inputs must be measured.

The analysis of oyster»gill tissues demongtrates that_thé gills of
these biomonitbrs réflect day to day changeé in'both'the_quality“and
quantity‘of petroleum hydrocarbons 'present,mas They both éccumulate and
depura;g_pxdrocarbons rapidly. |

Comparison of the petroléum hydrocarbon content of the whole body
tissue to that of gill tissues alone shows that the whole body tissue
integrates the varying levels of oil present, and tﬁerefore represents:a
measurement of the mean content of oil in the water column’ﬁhergas the
gills indicate short-term fluctuation. The many resélved péaks, including
nany lo& boiling compounds, and the high concentrations observed 'in some
of the gill monitors, indicate recent discharges into the Roads area.
Each spill event had a unique chromatogram (fihgerprint) and could
therefore be traced to its source. Thus, this stu&y has shown that
OYStér g1ll tissues can be used as a shg;t—term monitor for discharges
of 0il into the Roads area. Gill‘monitors could. furthermore be used
equally well to monitor short term-inputs from non-point ruanf following

rainstorms or for continuous monitoring of oil handling facilities.
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The levels of petrogenic hydrocarbons indicated by biomonitors in the.
upper Bay are elevated and comparable to those found in other urbanized

industrial areas. The hydrocarbon levels in the Annapolis anchorage are

"lower than those in the upper Bay and suggest a small but meaéurable

contribution from the area of the anchorage. The finite rate of exchange
of bay water with coastal ocean water prevents the degree of dilution

found around other coastal harbors and suggests that the upper Bay would

suffer greater impact than would a coastal harbor with the same petrogenic

inputs;

The levels of hydrocarbons in both thé uppef Ba& aﬁ& the anchdrage
are below that which would result in obvious biélogiéal effects. Recent
evidepce, hoﬁever, suggests thﬁt subtle sublethal effects on bivalve
molluscs would resulf from éxposuxe to the concentrations found in the

upper.-Bay and at some locations within the anchorage.
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Annapolis Roads Study

INTRODUCTION

The area of the Cheéapeake Bay immediately south of the Cﬁesapeake Bay
Bridge is used as an anchorage for vessels awaiting erntrance to ihe Port of
Baltimore. Ihe‘number of vessels, principally colliers, waiting to anchor
for servicing at the coal-loading facilities at the Port of Baltimore has
increased dramatically sincé March.1980 (Fig. 1) (Ostrum and Anthoﬁy, 19825;

In addition, the length of stay of colliers in Annapolis Roads has increaSéd
from a previously normal level of around five days to a high of two months .
(Fig. 2) (Ostrum and Aﬁthony, 1982).‘ Anyﬁheré'from 1ess than a dozen to.
more than three dozen ships may be anchored iﬁ.thié “Anﬁapoiis Roads
(Anchorage)" area at cne time. The Annapolis Roads will continue to be

used for é minimum of two to tﬁree years during the continued development of
facilities at the foft of Baltimore.

Recently, public concern has been voiced with regard to the potential
for oil releases frém vessels utilizing the Annapolis Roads. Although bilge
pumping should not occur‘as these ships have holding tank capacity, concern
arises with respect to the potential for accidental releases. Spills 5f 611
from unidentified sources havé occcurred in the Roads area, and some have
impacted limited areas of the Eastern Shore.

As the number of ships and their length of stay in the Amnapolis Anchorage.
has increased, concern has been expressed that the opportunity for illegal dis- -
charges of Fuel or oily wastes, either by accident or through neglect, may also
increase. Attempts have been made td'gﬁalyze the available information to
determing if illegal discharges occur, if they are increasing, and if water
quality impacts from such discharges were measured. The impact of these
wastes on the aesthetic qualities of the water and shoreline were also of

concern (Ostrum and Anthony, 1982). There were, however, several complicating:



factors which made sﬁch an analysis difficult and inconclusive. TFor example:
o - ‘ :
- There is very little quantitative data available on spill events and
water quality within the Anchorage. |
- While reports of épi;l events or illegal discharges ob#erved in the
Anchorage can be counted, their accuracy in reflecfing actuél illegal
discharges occurring from ships in the.Anchorage is uncertain sincé: 
L - Shi§s>are commonly discharging substaﬁces such as ballast,
cooling water, and treated sewage which can be mistaken fér
illegal discharges. .
- When slicks of other foreign substances are observed ip the water
it is not always‘possible to determinetheirdtigi#,”or what they-
are composed'of.x For example, éliCRS’formed B§ ofganic ﬁagter'
are commonly assoclated with tidal fromts. -
- Illegal discharges may not bé observed (especialily if they occur
at night) or if observed, may not be reported. |
- Because the bécklog of ships ié so visuélly obvious, enfbrcemeht
officials and others who use the water p%obably exhibit a greater
awareness and concern over pollutant dischafgesrftom éﬁips._ Thus,
an increase in the number of reported’pollution incidents could
be explained by increased ménitoring,as well as by an increése in
the number of spill incidents. On the other haﬁ&, since ship
masters are aware of the increased monitbring, intentional ﬁumping
way be more carefully disguilsed, thus less fréquenﬁly‘detected.
It is beliéved, however; that most masters respomnd to incre#sed
moniforing by adhering to the existing laws.

- Even when evidence for illegal discharges does exist (e.g. oil -

slicks, or garbage with foreign labels), it is difficult to determine
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if the wastes emanated from a Ship at anchor. ThevAnchorage is
‘.located in close proximity to the major shipping channel-into
Baltimore which ié»frequented not only by passing oceangoing
vessels, but also by coastal traffic, consisting of tugs, barges,
coasters, and similar craft (frpm Ostrum and Anthahy, 1982).
Notwithstanding ;he difficulties cited above in intérpreting the
available information on illegal discharges, there is evidence that
discharges of wastes from ships in the Anchorage have occufred (Ostrum and
Anthony, 1982). 1In tﬁo oil spill caées,‘chemical evidénce‘was collected
that suggests fhat oil from the spills matches the oil in éamples taken
from thé ships invﬁlved; however, this evidence.ﬁas ndt yet been éstabliéhed
in a court of law (Ostrum and Anthony, 1982). |
In order ta comélemen; the Office of Environmental Programs‘studies,
ﬁhich were‘pfimarily coﬁcernedrwith sewége inputs, this stﬁdy purports ﬁo
investiggééﬁthe distribution an& conceﬁtration ofkpeﬁroleum hydrocarbons
in the mid-Chesapeake Bay in general, and the Annapolis Anchorage area in
particular. This two phase study provides Background information on the
levels of hydrocarbons currently existing in the Roads andmonithe identi-
fication of poinﬁ inputs into this area.
Most sea water conéentrations qf petroleum hydrocarbons range from
parts pér trillion (lohlzg/g) to parts per billion‘(lO_gg/g), Although

methodologies for the measurements of pollutants at these low levels in

- sea water are being developed, they are not yet in routine use (Goldberg .

g&_gl,,‘1978). The ability of bivalve mollusks to concentrate hydrocarbons
over levels in the environment circumvéhts the necessity to obtéin large
volumes of water for extraction and analysis (Ehrhart,>1972; Steggman and
Teél, 1973; Burns and Smith, 1977; Goldberg et al., 1978). .We chose the

Anmerican oyster, Crassostrea virginica, as our monitoring organism because

it readily concentrates hydrocarbons in its tissues, it is indigenous and
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if the wastes emahated from a ship at anchor. The Anchorage is
1ocated'in‘close.proximity to the major shipping ehannel into
Baitimore which is frequented hot only by passing oceangoing'
.zveseels, but also by coastal traffic, consisting of tugs, barges,
coasters, and similar craft (from Ostrum and Anthony;'1982).
Notwithstanding the difficulties cited above in interpreting the
available'ihformation on illegal diécharges, there. is evidence that
dlscharges of wastes from ships in the Anchorage have occurred tOstrum and

Anthony, 1982) In two oil spill cases, chemical ev1dence was collected

~ that suggeets that. oil from the spills matches the oil in samples taken

from the shlps involved however, this ev1dence has not yet been established

in a court of law (Ostrum and Anthony, 1982).

In order to complement the Office of Environmental Programs studies,

whieh were primarily concermed with sewage inputs, this study purports :o

investlgate the distribution and concentration of petroleun hydrocarbons
in the mid-Chesapeake Bay in general, and the Annapolis Anchorage area in
particular. This'tWO‘phase study provides background Information on the -
levels of-hﬁdrocarhone currently~existing in the Roads and on the identi—
fication of point inputs into this area. |

| Hbst sea water concentrations of petroleum hydrocarbons-range from

parts per trillion (lo—lzg/g) to parts per billion (10-9g/g), Alrthough

' methodologies for the measurements of pollutants at these low levels in

sea water are being developed, they are mot yet in routine use (Goldberg
et al., 1978). The ability of bivalve mollusks to councentrate hydrocarbons
over levels in the environment circu;vents the neeessity to obtain.large
rolumes of water for extraction and analysis (Ehrhart, 1972; Stegeﬁan and
Teal, 1973; Burns and Smith, 1977; Goldberg et al., 1978). ﬁe chose the>
American oyster, Crassostrea virginica, as our monitoring organism because

it readily concentrates hydrocarbons in its tissues, it is indigenous and
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common in the study area,.and is an economically imporfaﬁt species. Stegeman.
and Teai (1973) demoﬁstrated uptake of petroleum hydrocarbons in oysters is
related to lipid content of the organisms, and that the rate of uptake_was
linear from 0-450 ug/%, greatly exceeding the range likely to be experienced
in the.pfoposéd stﬁdy.» '

Uptake of hydrocarbons éanvbe viewed as an equilibration process
controlled by the relative éoluﬁilities of various classes-of hydrocarbons
in water compared to lipids (Hamelink et al., 1971).‘ Siﬁcé uptake and

discharge processes>proceed simultaneocusly, the net amount retained by

.the organisms is related to the saturation of its lipid stores and con-

cenfrations in the water. The equilibratiop magnificétion factor célcﬁlated_
for oysters (Stegeman and Teal, 1973) is appréximately 32105. Fossato
and Canzonier (1976) reported similar magnification factors in Mytilus
(mussels) ekpefimentally-dosed with diesel éil. Thus, the results of a -
bivalve analysis taken from an environmént allows an estimate of‘theﬁv
minimum amount to which the animal was exposed in'the water column.. ff
the concentration :of petrdleﬁm.hydrocérbons is below ;he maximum satura:ioﬁ
level of the organism (most certainiy the case in the proposed study), thé
lipid magnification factor can be used to back-calculate thé concentration
of h&drocarbons in the water column. Burns and Smith (1977; 1981) showeﬂ
that the petroleum hydrocafBon 1ével in water samples.was'close to those
predicted’ by bac£~calculations-from wmussel tissue levels. | ' o
Therefore, in areas subject to chronic inputs of petroleum, bivalve
tissue analysis provides a means of identifying input sources, types of
hydrocarbons‘present, and integrated average concentrations of petroleum
hydrocarbons in the water column (Farrington and Quinn, 1973; Ehrhardt éﬁd
Heinemann, 1975; Farrington et al., 1976: Burns and Smith, 1977). Values

obtained by bivalve analysis provide an integrated sample over more time



than can be measured with an intermittent water éampling prograﬁ (DiSalvo
et al., 1975; Fossato and Canzonier, 1976). Also,.resﬁlts of.bivalve
analyses ére easiér to interpret fhan water éamples with low level petroleﬁm
chtamination_since.bivaives ténd to show‘less interference‘fgom waterbourﬁe
biogenic plant_hydrocarbons.‘ Bivalve'analyses,>therefofe, provide a clearer
pictﬁre of average watef column hydrocarbon concentration as long as the'
results are interpreted with thé biological mechanisms of uptakes, fetentibn,'
and depuration in mind. |

In addition,ra review of the literature indicates that bivalves are
fairly resistant t§ chemical_stress'and that many other marine and estuarine
orgénisms'are more sensitive (Moore et al., 1975; ﬁyland aﬁd Schneider, 1976).
Therefore,‘if bivalves such as oys:érs show physiological stress from petrqléum
levels present in the environment, we can safely predict that the.ecosystem-as
a whole is sggéssed; Fossato and Canzonier (1976) showed thét'petfbieum hjdrO-
~ carbons are rapidly accumulated by the gill tissue of bivalves taken from
clean environments and piaced in contaminated water. They found that the
compositionvand concentrations of the oil hydrocarbons in the gills were.
similar to thosé in the water, but that it took severél-days'for the hydro-
carbons to be transferred frqm the gills to other parts of the body.. Thus;
the composition and concentration of oil hydrocarbons in gill tissue from
oysters from a clean site, even if placed only briefly (1-2 days) in é con-
taminated area, will reflect the composition and ambient concentrationsbin
the water at the contaminated site. This will be true even if the cén;aminated
site has oil concentrations qnly sl%ghtly higher than those at the clean site.

It has not, however, been reported.at this time whethe; the gill tissue
from bivalves exposed for long periods to contaminated water will reflect the
a&erage petroleum hydfocarboq content of ambient water or the day to day

concentrations. Thus, whole body petroleum hydrocarbon concentrations may
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reflect integrated average oil hydrocarbon levels of ambient water, while

the gill tiésue may reflect day to day changes in these levels. It may be
possible to asséss both long~term average petroleum hydrocarbon concentrar(
tions of ambient water and short—térm fluctuations in these COncentratiops
utilizing.one set of biomonitors, merely by analyzing whele body and gill
tissue separétely. The fesults of this evaluation have important conséduence$ -

for the design of future short-term monitoring programé,
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METHODS
Organisms:

The American oyster (Crassostrea virgintea) was.uséd as the biomoﬁitor
throughout the étudy. All oyéters were collected from the relatively
clean water of the upper Sﬁ. Maryfs Ri&er and maintained in our laboratory
at St. Mary's Collgge in flowing estuarine water (X salinity 157 ) |

subsequent to use.

Phase I: Background Petroleum Bydrocarbon Monitoring Stations:

To provide background information on the distribution and concentration

-of petroleum hydrocarbons in the mid-Chesapeake Bay and the.Anﬁapolis‘Roéds

in partiéular, a éeries of monitoring stations was established from £he

level of the mnuth‘of the Patapsco River to_the level of Bloody Point Baf
(Table 1, Fig. 3). ‘Two stationé were located approximately 9 nautical miles
below the Bay Bridge to provide background oil.concentratioﬁs well downstream
of the Roads area. The remaining six stations-bracket Annapolis Roads and .

the two other potential major sources, the Severn and South Rivers.

Station 1: Downstream from Bell "27C" off Bodkin Neck at the~mouth of the
Patapsco River. This station was intended to monitor ihputs from the
Baltimore Harbor area, which would in part provide a source of background

petroleum hydrocarbons for the Bay downstream of this locationm.

Station 2: Just downstream of 4 sec. Flash "14'" off Swan Point, eastern

shore. This station was intended to reflect the background of oil hydro-—

carbons entering the mid-Bay from further upstream.

Stations 3 and 4: These stations are located just downstream of the
Chesapeake Bay Bridge and to the west and east of the shipping ‘channel

off Hacket Point and Stevensville, respectively. These two stations were



intended to reflect the background oil hydrocarbon'concentratioﬁs just

upstream of the Annapolis Roads area.

Stations 5 and 6: Just downstream of Bell "77" off Tolly Point, western shore,
and just inshore of White Orange Nun "S" on Brickhouse Bar markers on the
eastern shore, respectively. These t&o stations were intended to reflect

oil hydrocarbon concentrations just downstream of the Annapolis. Roads area.

Station 7: vJust downstream of F1"1" off Chinks Point aﬁ the mouth of the

Severn River. This station was intended toc reflect the oil hydrocarbon

‘inputs to the Roads area from Annapolis Harbor area.

Station 8: Jusf;upstream of Thomas Point Shoal Horn. This station was

intended to reflect 0il hydrocarbon inputs to the Roads area from the South

‘River area.

Stations 9 and 10: Just west of Black/White Nun, N "32B", western shore,

and Bloody Point Bar Horn, eastern shore . respectiveljr. These two s;ations

were ihtended‘to reflect the béckground petrbleum hydroéarSOn ééncentrations

well downstream of the Rnadé area. These stations are relatively distant

from any major point petroleum hydrocarbon sources andyéfe in a hydrologically

active region that is reasonably well mixed, providing éomparison sites tbat

probably reflect mid-Bay background conditions. At the time of tﬁe study,

however, the Roads were occupied by vessels as far'south'as'these stations.
Wire mesh bags gontaining twelve oysters each were set 0.5 M below

the surface‘on taut-1line buoy systemS'(Fig. 4) at each station. Alliménitors

wére left in place for the 19 day pQ;iod from July 23, 1981 through August 11,

1981, at which time they were collected and frozen for subsequent analyses

~of whole oyster tissue and pallial fluids. Sediment samples were taken at

each site with a stainless steel piston corer. The top 10 cm of each core
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was frozen for subsequent analysis. All samples, both sediment ‘and oysters,

were stored frozen at -20°C in glass jars with aluminum foil caps, both of

- which were pre-rinsed with redistilled solvents. Temperatures and

salinities at each station were recorded.

Phase II. Forty~eight houg gill monitoréi

To assess the feasibilitf of using oyster gills‘as’short—térm bio~
monitors, and tovexamine the short-térm fluctuations in’ﬁetroieum hydroca:bon
concen;rﬁtionsamound.Annapolis Roads, a series of monitoring Statious was
éstabiish;d around the Ro;dstead from a point jﬁst below the Bay Bfidgev
southward to Bloody Point‘Bar (Fig. 5, Ta£1e 2). Twelve oysters were
placéd’in the mesh bags of thé monitoring stations p:eviousiy established.

The short-term monitors were initiated on August 13 aﬁd were reset on
August’l5 and 17, 1981. All short-term ﬁonitors were collected 48 hours
after initiation and frozen for subsequent anélysis of gill tissue only.
In addition, an aliquot of the Bay'baseline monitoré collected on August 11
was included with thé short-term monitors for gill analysis. ‘The orgaﬁisms
were stored frozen at *ZOOC'in‘glass jars with aluminum foil caps, both of

which were prerinsed with redistilled solvents. Immediately prior to

. analysis of the gill monitors, the oysters were opened and the ctenidia

(giils) were dissected free of the mantle and visceral mass while the 1étter
was still frozen. All dissection was accomplished on a redistilled
solvent-rinsed aluminum foil lined work surface using redistilled solvent

rinsed implements.

Hydrocarbon Extraction and Lipid Content Determination:
Prior to analysis, 10 oysters from each monitoring station were washed,
shucked while frozen, and the shells discarded. The soft tissues of S

randomly selected oysters was then placed in one of two groups. One group
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was refrozen in solvent-rinsed jars with aluminum foil lined caﬁs and retained
as a reference sample. The other group was analyzed for hydrocarbon content;
Previous analyses using the procedures below have'shown that a pooled sémple
of several individual bivalves provides a reasonable estimate of tﬁe mean
tiydrocarbon concentration (Krebs and Paul, 1980). The analytical group was
homogenized.with a Tekmar TissuemizerR at high speed-fo; 4 minﬁfes,»producing'.
a pooled tissue homogenate. '
 Percent drﬁ weight was determined by pipefiﬁg 5 ml of each pooled

Homogenate ipt§ tared aluminum weighing pans and defermining the'net weight‘and
then the-dry'weight afterkdrying to a ;onbtant ﬁeight, A second five7mllali-»"
quot was weighed and extracted,withbthree sequential 25 ml hexane washeér.
Extraction Qas accomplished by grinding the pooled tissue hoinégenate and
hexane in a 50 ml centrifuge tuﬁe féllowed by centrifugation to éeparate;thej
aqueous and hegane phases. The hexanéwﬁhases~were pooled, reduced to about
ore ml‘aﬁd quantitatively transferréd to,taréd aluminum wéighing'paﬁs for: |
final evaporation of the hexané aﬁd determination of the total hexane extractable
lipids. |

A finalvls ml aliquot of the pooled tissue homogenate wés weighed and -
prepared for GLC analysis according to the technique of Farrington, et al.,
198la. In this procedure 15 g qf,tissue homogenate were digested with 15 ml
of 6N NaOH, mixed vigorously fqr 2 minutes, and then incubated at 30°¢ for
18 hours in a2 '50 ml Teflon<lined dapped centrifuge tube. Following incubatioﬁ,'
the sapbnified tissues were extracted with 20 ml of diethyl ether, and“then
three additional times with lQ ml eqber washes using centrifugatioﬁ to  . |
separate the aqueous and organic phases. The ether extrgcté were then.
combined and shaken occasionally in a 1000 ml flat-bottomed flask with
15~25 g of igﬁited anhydrous sodium sulfate and then let to stand overﬁight

to remove residual water. The ether extracts were then transferred to



500 ml round bottom flasks and conceﬁtrated in a Rotb—vapg'uhdet reduced
preésuré. After transferral to 25 ml pear-shaped flasks, the extracts were
further concentrated to less than 5 ml (2~5 ml depending on the lipid
content). The concentrated extract was then loaded og.a silica gel/alumina
column and eluted first wifh hexane, then aiiquots of 10 and 207 toluene in
hexane. Thg hexane fraétion-is dgsignated.the Fl fracti@n and contains the
aliphatic hydrocarbons, while thé toluené in hexanme fractions are designétgd

the F fréction and contain the aromatic hydrocarbons. The Fl and F2 fractions -

2
were taken just to dryness4using'a Roto—vapR,,transferré&ﬂto samplg-viais and
‘stored af -20°C in one ml of hexane for subéequént ;nalﬁsﬁs.'nlmmediatelf '
priér>to aqglysié, the Fl and szffacﬁioﬁs‘wefé égéin.takeh‘just to dfyneﬁs
using a Mini—vapR con;entrator with dry, high purity Nitrwgen and tﬁen_re~,
aissolved in Chloroform for analysié. o
Sediment Analysis; Each of the sediment samples was. diviiled into two parts.
Thénﬁgisf*portion of each sample was dried atrlOSOC for 24 hours and set
aside for particle size and organic matter amalysis. The femaining portion
of about 25 g was retained for hydrocarbon analysis using a modification of
the method .of Farrington and Tripp (1975)‘which,simultanewﬁ31y extracts and
saponifies the samples. The samples were transféfred to. tared pre-extracted
cellulose thimbles ana weighed. The sediments were extracted>with 350 ﬁl
methanol for 48 hours in a Soxhlet apparatus. The apparatus was thén coéled
and 20 ml of toluene, 20 ml of 0.7 N KOH and 30 ml of glass distilled water
were added. Refluxing was then»contipued for an additioﬁal 1.5 hours to
saponify the éample. The hydrocarbons were—then partiﬁi@med infb hexane
with three sequential washes in a se;ératory funnel. The combined hexane
- fractions were reduced to 5 ml in a Rc;to—vapR and trickled over an

activatéd copper column to remove  sulfur compounds. The copper colummn

was eluted with 50 ml of hexane and the elutant reduced to one ml for
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column ch;?matographic fractionation 1ﬁto alkanes and aliphatics as were
the oyster tissue extracts. ‘These fractions were then analyzed with GLC
as described below.

Gas Chromatographic Analysisﬁ Both column chromatography fractions C?l and
Fz) were analyzed on a six foot x 2 mm ID glass célumn packed with IZ Dexsil
300 on Supelcoport 80-100 mesh. The column was installed in a Hewlett
Packard 5510A GasChromatog:apb.equipped»with dual filgsionization detectors.
bue to the verj broad boiling range encountered ih the,analysis of heévy

fuel oil components, a high injection port temperature (350°¢C) 1is required.

This resulted in high bleed with long injection life from low temperature

.ThermogreénR septa, or a‘short injection life with ldw bleed from high

temperature PyrosepR septa. We overcame this difficulty by makiﬁg é'
sandwich with the high termperature PyrdsepR septum in contact witﬁ thé
thiigj?ction port and the ThermogreenR on top. This'procedure.resuited
in low bleed septa with a highly extended injectidn life.

The éhromatographic conditions were as follows: ihjecfion port and
ﬁetector temperature 350°C, nitrogen carrier gas 40 ml/min, airflow
300 ml/min, hydrogen flow approximately 40 ml/min_varied to optimize the

detector for C,, normal alkane, injection volume 1 ul with a 0.5 Ul solvent

_ 28
flush. A temperature programmed chromatographic run was utilized with the
initial.temperéture set‘at lOOOC, programmed tc hold 2 min, andvrise at
16° min t6 330°C, holding for 8 min.

The resultant chromatograms were recorded simultaneously with a . .
Rewlett Packard model strip chart recorder and a Hewlett Packard model
3391A reporting integrator. 'Fraction 1 compounds were quantified by‘the
reporting integrator after calibratiom with an eﬁternal standard cbntaining

6.1 pug each of C12 through C36’ even carbon number normal alkanes. Fraction

2 compounds were quantified in the same way using 0.1 ug each of hexamethyl-
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benzene, hexaethylbenzene, anthracene, pyrene, and bgnzanthracene as external
standards. The mean response factor of all of the standards in each fraction
was utilized to quantify‘any uncalibfated peaks.

The éérbon preference index (CP1) was calcﬁlated from n~alkane abundances

and was expressed as follows:

(odds)

2xIn-~ C21 to n -~ Cy
{evens)

In - C20 vto_ n. - C30 +Imn-= sz to n.- Q

CPI =
: 32

(Wehmiller and Lethern,,l975);v

Quality Assurance:
Reagent blanks were run through the entire extraction and column chroma-
tography process by substituting glass distilled water for .the oyster tissue.

The.Fl and FZ fractions were concentrated and chromatographed under thé same

conditions as the samples.
Percent recovery was determined by splking an aliquot of the pooled

homdééﬁéées of control oysters. The spike consisted of nClz-—nC_36 even carbon

numbered alkane for F. recovery and hexamethylbenzene,'hexéethylbenzene and

1

anthracene for F2 recovery.

Column chromatography separations were verified by-runniﬁg,a standard

containing Cl5 (N-pentadecane), C (n-docosane), androstane (a cyclic C19

22
saturated hydrocarbon), hexamethylbenzene (HMB), hexaethylbenzene (HEB), and

énthracené (ANT, a multi-ring aromatic hydrocarbon).
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RESULTS
_?hysicai Paramete;s:

The temperatufe of the study site at initiation vafied from a high of
26.5°C to a 1§w of 25.0°C. The temperature within the Phase II short-term
biomonitor.study site did not vary meésurably from 25.5°C. The salinitigs;
as expected, showed more variatidn,ﬁ&otna léw of 9.5% lat Swan . Point toAa
high of 15.52. at Bloody Point;and B?i;khouse Bars.» Within thé Phase T

study site the salinity was less variable with a mean of 14.17% and a range

- of 12.5Z to 15.5%° . These physical pafameters were well within the rangé ‘

" of tolerance of the American oyster (Crassostréa virginica).

Station Recovery:
Of the stations set for the Phase I background monitoring program, all
were recovered with the exception of Stations 13 and 14 at the east and west

ends of "the Chesapeake Bay Bridge. Station 15 at Tolley Point suffered

. damage resulting in the loss of most of the oysters, but sufficient tissue

for analysis was recovered. The Phase II short-term monitors at the Bay
Bridge were also lost each time they were set except for Station II4 omn.

8/13/81 and Station II3 on 8/15/81. The remainder bf the stations were

- recovered with all organisms alive. Only one oyster death was recorded; it

Swan Point (I3) on 8/11/81

Quality Assurance:
Columrn: Chromatographic Separation:l Figure 3A-D illustrates that we

achieved complete separation of the aliphatic hydrocarbons (C15’ C22 and

androstane, from the aliphatic masked aromatics (HMB, HEB) and multi=ring
aromatic (ANT) into Fl and FZ fractions respcctively. The Fl fraction
(Fig. 3B) contained greater than 997 of the aliphatic, while the F2 fraction

(Fig. 3C) contained 1007 of the aromatics. The F3‘fraction (Fig. 3D) was
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completely free of both F1 and F2 components. Percent recovery from the

column chromatography procedures was 99 * 1.5Z..

Solvent and Procedural Blanks: A representative chromatogram of a solvent
blank is shown in figure 4A and demonstrates the lack of excessivebseptuﬁ
bleed or baseline drift in the chroﬁatographic process. Ayrepresentetive
prceedurel‘blank_is shown in Figute 4B. It should be note&"that an' unknown

contaminate coeluting with n—Céalis present in measurable concentratioms.

‘Percent Recovery: The recoveries of standard hydrocarbons from spiked
samples are presented in Tables AA and 4B. The mean overall recevery of.,1
aliphatic hydrocarbonswzsao 8? with a standard deviation of 16 0%Z. The

mean recovery of aromatic hydrocarbons was 48 0% with a standard dev1ation

of 17.27. Both of these recavery percentagesAagree well with values reported .

in the literature (Farrington et al., 19824).

Control Oysters:

Chromatograms of the "clean" oysters obtained from the St. Mary's River_are.
shown iq Figures 5A and B. The mean total aliphatic (Fl) hydrocarbon
concentration is 9.47 + 0.21 ug/g dry weight while the mean total’atomatic v
(FZ) hydrocarbon concentration is 5.26 t.O.lO. It should be noted that the
odd numbered aliphatic hyd:ocarbons predeminate in St. Mary's River

oysters.

Phase I.'VChesapeake Bay Background Hydrocarben Levels:

Representative chromatograms of the aliphatic an& aromatic hydrocarbons
extracted from the bay background bidmonitors are presented-in Figures 7-10.
The relative increase in the levelsvof even numbered aliphatics in relation
_to'St. Mary's controls should be noted. The concentrations of aliphatic
hydrocarbons (fl)ranged from 6.4-49.6 Uug/g dry weight with the highest

values found in oysters from the upper bay. The concentrations of aromatic -
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hydrocarbons (Fz) ranged from 8.5 to 18.4 ng/g dry ﬁeighﬁ with the
highest value‘found at Chinks Poin;. The Fl and F2 hydrecarbon concen-
trations for the Phase I background biomonitors afe summarized in
Iable Iv.

There wag»considerable.variation'in both tﬁe total water and total
lipid contents of oysters at different stations.‘ Due to wariation in .

the hydrdcarbon‘concentrations when reported as ﬁg/g wet weight or ug/g

lipid, all data are reported on the basis of ug/g &ry wefight.

Phase II. Short—Term %8 Hour Biomonltors.
The total hydrocarbon concentratlons in glll tlssge frmn the 48 hour sh&rt—
terﬁ monitors are summarlzed in Table V. The concentratwwm.of allphaticsv
(Fl) varied from a low pf 5-1 ug/g dry weight, reflectimg‘background levels,_.
to a high of 197.7 Ug/g dry weight, most pfobably»reflecting‘a spill
incident.. Measurements of duplicate subsamples of pooled homogenate are
in good’agréement, geﬁerally not varying by more'tﬁanHISQ-" |

To serve as reférenceS'in'the identification of the petroleum hydro-
c;rbon "fingerprints" in,fhe.chromafugrams of both the bawy background and
short—-term biomonltors, fuel and crude oils were analyzed.under the same
chromatographic condltions. Typical chromatograms of whole (combined F
and FZ) Southern Louisiana crude 011, No. 6 fuel oil, aq&.Ng. 2 fuel oil
are shown in Fig. 19a, b, and c, respectively. Although 10 ug of each,éil .
was injected, the concentrations réported by the repoftimg integrator were
1.3 pug for Louisiana crude, 3.5 pg for No. 2 fuel oil, amd 1.4 Ug for No. 6
fuel oil. As most of our samples show approximately equal concentrations
of No. 2 and No. 6 fuel oils, the actual concentration of hydrocarbons

reported here are most likely'under—estimated by a factor of four (4).
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Sediments

The concentration of hydrocarbons in sediments fanéed from a high of
627 pg/g dry weight at the Patapsco River station (Fig. 18A) to a low of
67 ug/g at the Brickhouse Bar stétion (Fig. 18B). Sediment hydrocarbon .
concentrations at the other stations did not vary by more thap a factor
of two and'averéged appro#imately 350 yg/g dry weight. Chromatograms of

all sediment samples,except the Brickhouse Bar station,showed a number

" of resolved, generally biogenic peaks over.a'faifly largé UcM (Fig. 184)..



DISCUSSION
Station Recovery:

The low density and insolubillity of petroleum hydfo;arbons result in
higher concentrations in surface waters atbthe time>of a spill incident.
Only over extended time periods are tﬁese compounds_diséersed through the
water columﬁ by wave action and vertical mixing. This necéssitétes main;
taining bidmonitors in surface waters in order to evaluate recent input
activity, thereby creatiné problems with the recovery of thése monitoriﬁg
stations. | |

We have noted in other stﬁdies (Kress aﬁd Paui, l980;:Hat¢H and Exébs,
_maﬁuscript in preparafion) that high station losses océur especially in
the yicinity of crabbing activities. The current stg&y further documents
that‘there.ié a low probability of station‘recofery in areas of active
crabbing. All of our monitoring stations were recoveredlﬁith-thé exception

~of Stations 3 énd 4 located at Hackett Poiﬁt and SteveﬁsvilleA<Fig. 3,
Table I,II), both-aréas o heavy crabbing activity. The situation‘ié so
severe in thié area that on one occasion (8/15/81) a monitoring station was
cut off within one hour of the time that it was set. It should be nated.‘
that all stations were clearly marked OIL POLLUTION STUDY and.included’our
names and telepﬁone nuﬁber as requifed by the U. S. Coast Guard.

This problem is by mo means restricted to the Chesapeaké, prompting
other investigators to setvsub¥surface floats equippédlwith radio‘tranéponders
(Farrington, J.,_personal communication). Our own alternative_prop&sal to
utilize subsurface floats marked only with iﬁconspicudus buoyant beer or
soda cans failed to receive Coast Guard approval. Thus, With.the exception
of Bloody Point Bar‘(Fig. 1,'Table II), we were unable to oﬁtain data in the .

vicinity of crabbing activity.
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Due to the chronic problem of station loss through either accidental
or intentional cutting off of surface buoys, and to the potential hazard
to navigation of unmarked shallow-set sub-surface floats, we recommend

that subsequent surface water monitoring stations be marked with official

' Marine Police Buoys. We feel that this will greatly discourage vandalism

and make the collection of heretofore umavailable data possible.

!

Quality Assurancé:

From the_chromatograms of the six component (Fl + FZ) standard_
(Fig. 54) andbthe Fl (Fig. 53), in(Fig.>§C) and F3_(Fig. 5D) fractiéns.A
of this standard, it can be seeq that our fraétion'sepa:ation protocol.wés»
effective. There is no ﬁéasurable confamination of.the Flvalipﬁatic fraction
by aromatics nor contamination:of the Fé aromatic fraction with aliphatic
hydrocarbons. Even the difficult to sepafate aliphatic masked aromatics
hexamethylbeuzéne and hexaethylbenzegevﬁere-Entirely confined-td thg Fz'
aromatic fraction. The clean trace exhibited by the F3 fraction (Fig. SD).

is indicative of near complete recovery of both the F1 and F2 fractions.

It can be seen from the chromatogram of a solvent blank (Fig. 6A)

.that there is no significant peak area contributed by either the injection

syringe, solvent ér the chromatographic system itself. The baseline rise
and émall peéks after n—C28 are due to septum bleed. iThe procedural |
blank (Fig. 6B) however, demonstrates an unknown contaminant that
coelutes with n—C28. The source of this contaminant remains unidentified
at present.

The peréent recovery of hydrocé%bon spikes shown in Table II are com-
parable with those reported in the literature (Farrington Eﬁ.il" 1972b).
The low recovery of low carbon number aliphétic and aromatic hydrocarbons

is to be expected. These_éompounds have low boiling points and some losses



Y

-

due to evaporation are inevitable, especially during those procedural steps
in which the sample solvent is evaporated to near dryness. -In additionm,
aromatic hydrocarbons in low concentrations ﬁay not completely elute from

the cleanup columns used to separate the aromatics from the aliphatics.

Phase I: Bay Baseline Hydrocarbon Concentratioms.

Petroleum hydrocarbbns (0il) have begome major contaminants of

‘estuarine and coastal environments (Blumer, 1971; Wolfe, 1977; VanVleet -

and Quinn, 1978). Accidentél spillages provide the largest transient in--

puts of oil, But the greatest contribution to the total inputs of anthro-

_ pogenic hydrocarbons to these environments is from chronic inputs. primarily.

of refined oils from land runoff, rivers, sewage discharges, industrial

effluents, and oil refineries and terminals (VanVleet and Quinn, 1978;
Read and Blackman, 1980). The magnitude of these petroleum contaminants
is often suffiéiént to obscure the natural backé;dundvof biogenic hydro-
carbons produced by living organisms except in highly productive systems
or during aléal blooms (E:hardt and Heinémann,_l975). At present these:
pollutant éources are 3o ubiqﬁitous that it is difficult to locate aquatic
environments free from some degree of oil pollution (Farrington et al.,
1976j Farrington et al., 1982a).

| Hydfocarbons in estuarine environments, therefore, are derived froﬁ
both petrogenic (oil) and biogenic sources. Since-bivalves‘accumﬁlatET'
both biogenic and petrogenic hydrocarbons through their feeding and régF
piratory activities-(Erhérdf, 1972; Fassato and Siviero, 1974: Disalvo et al.,
1975; Mix, 1979; Farrington et al.,"1980; Farrington et al., 1982b; among
others), even iﬁ "clean" envifonmenfs they contain biogenic hydrocarbons
aver a backgroﬁnd of generally degraded§petrogenic'hydrocarbons. Thus, it

is not sufficient to merely quantify the amount of hydrocarbons present in



estuarine biota, but it is essential to.distinguish the relative contribu-
tion of biogenic and petrogénic hydrocarbons to the total hydrocarbon
concentration meaéured before the degree of pollution can be assessed.
Biogenic Hydrocarbbns pfoduced'by living organisms are characteristicallj
a simple mixture of hydrocarbons in which odd carbon.chaim.lengths predominate.
Within the'estuafy, biogenic hydrocarbons are derived priﬁmipally.from algae
(phytoplaﬁkton) containing the.straight‘chain aikane; C15{7C17{ Cl9’ C21
(Clark and Blumer, 1967; Blumer et al., 1971; Youngblood et al., 1971; Shaw
éﬁd Wiggs, 1980); algal and zooplankton det?itus containiﬂg_ptistané (A&igqn
and Biﬁmer, ;968; Blumer et ai;,.197i) and ﬁé;sh and‘terrigénbus (iand—derived)

plant detritus ﬁontaining 6&& carbon 1ength alkanes:C'21 ta 031 (Farriﬁgton
‘and Meyers,’l975; Simoneiﬁ, 1977; Teal and Férrington, 1977 Béehm»and
Quinn, 1978). » - >‘ |

Petroleum hydrocarbons, on the other hand, characﬁeristically coﬁsist
of very comﬁlex mixtures of -both aliphatic (sa;urated)»an& aromatic hydro-
.carbons (Fig. 20). Gas chromatography (GLC) is aipowerfwlfanalytical_
teéhnique-capable~of separating and identifying maﬁy of the components of
cil, and the analysis of any oil mixture produces characteristic traces
(chromatcgréms)-from which the oil mixture can.be identified. Identificatipn-
is normaily,accomplished By evaluating the characteristic pattern of-
chromatograms of the aliphatic hydrocarbons (the Fl fraction) of oil sampieé.
The,aromafic hydrocarbons (the F2 fraction) containing bemzenes, napthalenes,
and other multiple benzene ring compounds, can also be useful in oil:sémple
identification, but require.: the usgﬁof sophisticated and expensive gas
chromatography;mass spectrophotometr} {GC-MS) analysis for positive
identificatidn of individual components. Chromatograms @f both aliphatic

and aromatic fractions show a series of resolved peaks, and a characteristic

"hump' termed the unresolved complex mixture or UCM. The UCM consists of
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coeluting naphthenic (cycloalkanes), naptheno-aromatic and aromatic hydro;
carbons in totalvpetroleum, with both Fl and Fz.fractions containipg a ﬁCM
(Blumer et al., 1970). The chromatograms of the aliphatic hydrocarbon
fraction of oil characteristically show a homologous series of resolved
normal aikane and isoprenoid (branched alkane) peaks with odd and evenv.
carbon chain length hydrocarbons_in approximétely equal .amounts (Blumer,
1970; Blumer and Sass, 1972). Tﬁeée resolved peaks,.prOjeéting above a
characteristic "hump" in the ﬁCM, cénsist primaril&vofvéycloélkanés"

1 fraction (fossato and Siviero, 1974; Faffington and
Meyers, 1975; Teal and Farrinmgton, 1977; NAS, 1980) (Fig. 11).

Fresh oil inputs,ythén, are signified by ajchfomatogram with a well

resolved n-alkane and isoprenoid homologous series of peaks over a definite

UCM. The fresher the oil,.the wider the range of n-alkanes within the
series from neClo or 012 and extending to very heavy molecular weight-
n—éik;&éé of n—C36 tﬁ'n—Cdo, and with a relatively gréater proportion of
resolved peéks to UCM (Fig. 12A). Since the low molecular.weigh; n-alkanes
(resolved peaks) are volatilized and degraded most raﬁidly (Walker gg_éi.,
1975); moderately degraded oil is charactefizéd by heavier~molecﬁlar weight
n-alkanes (n—Czo ot n—024~to n—C40) over a UCM (Fig. 10).  As the cyclo-

alkanes éompriéing the UCM are degraded only very slowly (Farrington and

Meyers, 1975; Teal and Farrington; 1977), a UCM with few resolved peaks is

. characteristic of highly degraded petroleum hydrocarbons from chronic petro-

genic inputs (VénVleet and Quinn, 1977; Burns and Teal, 1979; Atlas et al.,
1981) (Figs. 10C and 125)7 Due to a large UCM in moderately or heavilf‘ |
contaminated samples, the biogenic-gfdrocarbons may be overwhelmed by
petrogenic hydrocarbons and,_élthough present, are not measurable (Teal

ahd Farrington, 1977).

Petrogenic hydrocarbons can, therefore, be distinguished from biogenic
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hydrocarbons both by the presence or absence of a UCM in either or both of.

the'Fl and F2 fraétions, aé well as by differences in the ratio of odd to

even n-alkapes in the Fl fraction. The carbon'preference index (CPI) is a'
quantification of this odd to even carbon chain length ratio for n-alkangs,
between«n-—c20 and n—qsz. Because petroleum hydrbcarbons contaip:apptoximately
equal amounts of even and odd n-alkanes, the CPI for petrogenic hydrocarbons |
is. close ﬁokunity. CPL wvalues ffomtl.O to 2.0 are, therefore, indicatdive of
saﬁples containing predominateiy.petrdgénic:hydrocarboﬁs; so mgch so that

the predominately odd chain length biogenic n—alkaﬁeé are overwhelmed. CPL
valués ffom 2.0 to 3.0 are indicative of:samples'querétely contaminated-

with oil, while CPI values from 3.6 to-4.0 indicaté-only.slightgoil ;@ntagi_
nation. CPI valués.greater ﬁhan 4.0 indicate reiatively uncontamiﬁatad -
samples containing predominately biogenic hydrocarboné.

The preseﬁce of tﬁe isoprenoids pristane and phytgne is also often
u;éanééi;n indicator of oi; contamination. Pristane is & common biogenic
hydrocarbon derived from zooplankton (Blumer et al., 1971); while both
pristane énd phytane in generally equal amounts are found in oil hydrocarbons.

" Thus, large concentrations of pristane with little phytane is indicative of
:elétively uncontaminated samples, while 1afge amounts of.both_indiqaté oil
contamination. |

From the above considerations, the oysters from the St. Mary’; River
used as controls in this study are indeéd largely uncontaminated even though
there is a small UCM presentrin both the Fl and F2 fractions, indicatiﬁg‘the
presence of highly degraded petroleum (Fig. 7A and B). From inspectionvof the
chromatogram of the Fi fractibn (aliéhatics) of the whole body tissues, there
is clearly a straong predominancé of odd-carbon chain lengths (Fig. TA).. The

are present élong with counsiderable

typically algal biogenics n-C, . and n-C

15 17

pristane and virtually no phytane, and there is an extremely large n—CBl peak
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indicative of terrigenous inpﬁts. A CPI of 7.1 (Table IV) fufther substan—~
“tiates the biogenic nature of the hydrocarbons present.

- The concentrations of total hydrocarbons énd the CPI values for the
oysters from the baseline study (Phase I) (Table IV) would indicate relatively
low, Yet uﬂiquitious, contamination of the mid—Chesaﬁeake Bay by petroleum
hydrbcarbons. It shoﬁld be noted, however, that all the vaiues in Table IV
are probably low by a factor of 4. -Ihis is due to the acéepted practiée of
utilizing # reporting integrator fo célculate the areas‘uﬁder thé'chrqmatqf
gram peaks. .Hand computation of the areas on a few selectaed chromatograms'
indicated that the integrator was'systematicalif underésfimating the éctual
area of the UCM?s, particﬁlariy 6n'chromatogramsvwith a large UCM.' Injectiqﬁ
.of known ﬁeights of crude oil, No. 2 fuel oil, and No. 6 fuel o0il with sﬁb—
sequent quantification by the integrator confirmeé that the iﬁtegrator'did
'indgeq_;énéiderably.underestimate the area of the UCM by an average factor
"of apprdximatel& 4. 'Although automatic integration is commonly used and
widely accepted, recent work by Farrington et al. (1982b) gubstantiates that
automatic inﬁegration is an ﬁnfeliable method for quantifying chromatogram,
aréas of petroleum hydfocarbons due to the large and vériable UCM. .?arrington
and his group currently do not use_automati; integration, but measure the ueM-
by planimetry (Farrington et al., 1982b; and Farrington, personal commumication).
We are currently investigating é quantification method using automatic-integraf
| tion to identify and quantify the resolved peaks only, while éuantif&ing the
UCM by planimetry. Therefore, for the present study, a more aécurate'éstimate
of the actual hydrocarbon concenﬁrag}bns can be obtained by appiying a correction
factor of 4 to the values. These corrected values are preéen;ed for com@arison
in.Table IV. Comparison of these corrected values to coﬁcentrations in
mussels and.oysters from harbors, bays and urban coaétél areas which

receive wastewater discharges, and where shipping traffic is moderately
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heavy, strongly suggest th&f indeed these correct concentrations are more
likely correct. For instance, concentrations on the order»of 100 to 300
ug/g dry weight gnd higher have been fredﬁently qbservéd in Venice Laéoon
(Foésato and Siviéro, 1974; Fossato and Canzonier,'l976), Galveston ship
chdnnel and Galveston Bay (Erhardt, 1572), Bostqn Harbor (Farrington

et al., 1980; Farrington gg_gi.,‘1982a), and a number of harbors, bajs'
and éoéétal areas of California (Risebfough.gglgi., 1980). - Four
chromatograms representative of the baseline study are presentéd in
Figﬁres 8;11. Examinatioﬁ of Fig. 8A from Bloody‘Point Barvsuggests a
low'lefél of.total and peﬁrogenic hydroéa;bons.  THe modetately low CPI
“of 2.0, coupled with the cléafly distihguishable hoﬁologous,series'of

22
hydroéarboﬁ input. ' The relatively small UCM to resolved peak ratio

n-aliphatics from C_, - 036, is indicative of a moderate petrogenic

- indicates that these oysteré were exﬁosad to fresh oil and that a low
chronic input is present at this site.

In ccntrasﬁing this to the éhromatogfam of background'monitors'from
Tolly Point, it can be seen (Fig.9£) that a clearly defined homologous
series is not as obwious and that there is a somewhat lérger ucH. This
lack of a homologous series along with a CPI of 3.5‘indicates'that these
oysters were exposed to ve?y low levels of fresh oil and only slightly
- higher levels of degraded 0il from chronic_inputs than were the Bloody
Pﬁint moniﬁoring organisms. Note the rather high concentrations of odd
carbon numbered aliphatiés (from C27 'P'C3l) 1ndicatiﬁe ofra high input
of terrigenous biogenics. i

Figure 10, on the other hand, demonstrates moderately high levels of
degraded hydroéarbons from chronic sources as well as relatively fresh

petrogenic inputs. This is indicated in the over-all patterns of resolved

n-alkane peaks (relatively fresh inputs) emerging from a large UCM (degraded’
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0il). .The clear homologous series of n-alkanes coupled with a ﬁoderately
low UCM indicate that the hydrdcarbons present are petrogghic and not
biogenic. In fact, the level of petrogenic hydrocarbons thas obliterated
the pattern of biogenics that could be seen in Figures 7 and 9. A
comparison of this chromatogram with that of No. 6'fuei‘oil‘(Fig. 19).
suggests Fhat the principle contributor to these'hydrocarbbns.is indeéd
No. 6 fuel oil that has lost the ﬁighly volatilé fractiom,during the .
initial stages of degradation.

The chromatogramsbof oysters taken‘froﬁ the'baseline‘étudy at the _
mouth of the Patapsco clearly indicate a‘high.leve¥ df petfogéniﬁ contami-
nation. Hefe we find a very léfge UCM indicating large ehronic nonpéinf -
 inputs of aegraded.petroleum hy&rocarbons. Clearly resoived peaks for the
homologéus series of n-alkanes indicate that fresh input; of‘petrbgenic
hydrocarbons are also present. Coméarisqn with Figf lgfsmggests that both
heavy fuel oils and diesel oil may contribute substaptiaﬁly-to therover-_-
all petrogenic hydrocarbon burden of this area. Note that‘this‘chromatogfam
is reduced by a factoer of 2 in order to maintain the peaks'on scale and would
ﬁhus appeaf_tﬁicé'as large if presented at the same scale as Fig. 7-11. 1In
spite.sf the high petrogenic hydrocarbon levels,‘there is é vefy high input
of both ;lgaé and terrigenous bilogenic hydrocarbons indica;ing high
productivity.(Erhardt and Heinemann, 1975), an@ suggesting a nutrient.rich'
environment.

Analysis of the ﬁydrocarbons extrécted from the baseline biomonitors
suggests that there is a substéntialiinput of petrogenic hydro;arbons into
the Bay from‘the Patapsco River and points further north along ﬁhe western
shore and from the Susquehanna River. The corrected concentration of
these inputs is comparable to h;drocarbon levels reported for other industrial

and shipping harbors. As expected, there is a dilution effect seen in
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monitors placed furthef dan the.Bay.

It is not possible to state conclusively from the baseline data
what éroportion of thé hyd:ocarbon found in the anchorage area‘originéte
from Vesgels at anchor. The elevated_levéls found at ﬁfickhouse Bar,
hoﬁever, suggest that this.eastern shore station is receiving input
from the anchorage.- Due to Ehe Coriolis effect, the net outward flow
'ffom thé ﬁpper Bay is displaced ﬁowérd the western shore of the Bay as
it passes through the anchoragé. This outward flow of'water éloﬁg the
weéternAshore, plus the éoqtributions ofrthe Sévern and Sbuth River, shpuld‘ _
result in highér petrogenic hydrocarbon levels on fhg_western.sbore as
seen, fof example, at theBIoodthiﬁt and:Cedarhufét-Stations.(TaBle 1,‘:
Fig. 4). _The monitors at Brickhouse Bar, however, show both a lower CPI
(1.6) aﬁd a higher total corrected ﬁydrocarbon level (134 ug/g dry.weigﬁt)

- than the equivalent western shore station at Tolly Point (CPI = 3.5;

z ﬁ?é;o;;rbon = 118 ug/g dry weight). This éuggests to us that there is

a measurable increment in petrogenic hydrocarbon input due to vessels at
anchor or in transit through the Annapolis Roads. In ﬁhe caée of the
Brickhouse Bar station;'tﬁis increment (18 ug/g dry»weight) is épproximately

15% of the total hydrocarbon concentration and is clearly petrogenic in

nature (CPI = 1.6).

Phase II. Short;Term 48 Hour Biomonitors:

Examination of Figures 12-19 indicates that the ctenidia of oystets.
do indeed come to rapid equilibrium with hydrocarbdns.in the water colﬁﬁn
resulting in a substantial magnification of water concentrations. Notice
the relatively high levels accumulated and. the cléarly discernable n-alkane
homologous series in the Fl fraction. ©Note also that the hydrocarbon

concentration in the Fz fraction is considerably lower than that found

in whole oyster bodies. We speculate that the more soluble nature of the
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F2 fraction results:in a rapid dispersion and homogenous mixing'throughout

the water column, reducing the concentration of this fraction in surface
waters .4

Figure 12 illustrates thrée typical chrbmatograms of backgfound levels
of aliphatic hydrocarbons extracted from oyster gills exposed to the watgts»
of Annapolis Roads. A typical low background copcentratidn is.éxédplified.
by FigureVIZA, the second retrie§al(f£om Brickhouse Bar (8/13/81). Notice
the relativély small contribuﬁion o£ the UCM to théioverall areafan& the
small, but ;learly-evident,.homologous series of n~alkanes that tyﬁify'
recent petfdgeniq input. In ccntrast,‘Figufg 12B deﬁonstrates an elewvated

background h&drocarbon level present at Cedarhurst on 8/L1/81.' Note the

‘high level of biogenics (odd carbon numbers) and the ciearly,distinguishable

homologous series indicative . of petrogenic hydrocarbon inputr..Figure‘lzc
(third retrieval 8/15/81 from.Brickhouse Bar) illustrates the third majbr
pét;;;ﬁ ;n background leveig. The t&tal hydrocarbon level is somewhat
highér than during the first retrieval (3.69 vs 3.06 ug/g ary weigﬁt) but
the lack of a defined homologous series and larger UCM demoﬁstfateé that it
is a mixture of highly degraded hydrocarbons from chfonic_inpuﬁs.« |
With the background 1évels depicted in Figure 12 as a reference, the.
chromatograms depicted in Figufe'13 clearly depict a spill or discharge

incident. Chromatograms of gill wmonitors from this station (Thomas Point

Shoal) collected on 8/11/81 and 8/13/81 look very much like Figure 12A.

In contrast, the gill monitors collected at the next sampling period-(S/lS/Sl)
demonstrate a very recent input of qg. 2 and No. 6 fuel oil, poésibly from
one incident. The large clearly.def;ned homologous series, along with thé
presence of low carbon number alkanes indicates little volatilizatién or

degradatjon of the oils had occurred. The gillrmonitors collected at this

same station 48 hours later continue to show fresh inputs of petrogenic



hyd?ocarbon5~(Fig. 13B). Notice, however, that now the peaks have shifted'
to higher carbon number and are ﬁore suggestive of degraded No. 6 fuel
oils (Fig. 19).
A spill event or discharge on or about 8/17/81 impacting on the |
monitoring station at Brickhousé Bar is depicted in Figure 14A.‘ The
nearly immediate impingement of the oil on theéelorganisms is indicated
by the hoﬁologous series exténding aown to low carbon numbered alkanes,
and by éhe extraordinarily high ratio of resolved‘peak'heiéht'to uMC
- height. Examinaﬁion of chromatograms of gill moni;ofs collected éarlier
at this statién (Figs. 12A and C) further‘doégmentAthat this was a recent
event and not the result of a high ovefall.backgréénd at this statidni |
In contrast, the chromatbgram depicted in Figure 19B indicates a spill
.event in which highly degraded oil, with only a small contribution of fresh:
#2hfgg;wqil, impacfed on the monitoring station collected on 8/15/81 at
' Bloody Point Bar. Notice especially the very lafge ucM with relatively
insignificént'peaké in the homologoﬁs series, suggesting'véry hiéhiy
weﬁthered oil. As the monitors collected prior to 8/15/81 at this staﬁion
show only low to moderate background levels of petrogenié hydrocafbonsz
we suggest that this oil was not in the environment prior to 8/13/81 but
rather that it was introduced in a.Bilge pumping event. Further evidencev
in support of this supposition can be found in thé very heavy, late-eluting
hydrocarbons that would be characteristic of the heavy lubricating oils that
might also fine their way into bilge waters. o
Minor spili eVentSvcan be seenrén the chromatograms presented in Figure'ls.
The gill monitors collected on 8/ll/él from Cedarhurst (Fig..ISA) show
moderately high levels of petrogenic hydroc#rbon, suggesting a miiture of
dégraded No. 2 fuel oil:and fresher No.. 6 fuel oil. As evidenéed by the

large UCM and high resolved peaks in the homologous seriés, this o0il is more
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by the gill monitors retrieved from Hacket Pﬁint on 8/13/81 (rig. 15B).
This chromatogram (Fig. 15B) is characteristic of a more recent input
as demonst;ated by larger resolved peaks in relatibn to the UCM and the
presence of lower carbon hﬁmber alkanes.

The use of oysters and other bivalves to monitor petroleum hydro- -
carbons in aquatic environménts is now firmly established (Goldberg gg_g;.;

1978; Philips, 1980; NAS, 1980; Burns and Smith, 1981; Farrington et al.,

-1982a). To date bivalves have been used only as long-term monitors since

it takes several weeks or more for the various body tissues of transplanted

biomonitors to equilibrate with the concentrations of hydrocarbons in the

water coluﬁn:(StegemAn. and Teal, 1973:vYoungvg£ al., 1976; Burns and

Smith, 1981). .

Uptake of'ﬁoth aliphatié and aromatic hydrocarbons from ambient
water by gill cissues, however, begins within minutes of exposure to water
containing hydrocarbons (Lee et al., 1972). Lee et al. (1972) hypothesize
that hydrodarbon absorption takes place in the gill tissue'miceliar 1ayér;_
ana then only over time are tbese absdrbed hydrocarbons passed bg to other
tissues-via~exchange‘equiiibria.(Hamelink.gg al., 1971). Whole body
tissues, therefaore, integrate'the.fluctuating conéentfations of hydro-
éarbons fifst_absorbed by giil tissues. Thus, the analysis of whole body
tissues may provide a record of the average ambient water hydrocarbon
concéntra;ions (Burns and Smith, 1981), whiie‘anélysis of gill tissues
may provide a record of the day to day fluctuatioﬁs‘in‘these ambient -
concentrations. |

Comparison of chromatograms of?%ydrocarbons in whole oyster tissues
(Fig. 16A) with those in gillvtissues collected at the same station from
four successive retrievals (Figs. 16B-E) does in&eed confirm that whole

body tissues integrate over time, while gill tissues display the day to



day fluctuations in both the quéntity and quality of water bourne hydro-
carbons. Figs. 16A and B are chromatograms of the hydrocarbons in whole
oyster tissue and gill tissues, fespectively, from the same groupvof oyster
monitors. The body tissues (Fig. 16A) clearly iﬁdicaté a. much higher mean
hydrocarbon concentration from freshe; petrogenic.inﬁuts than the gill
tissues COllected‘simultaneously or on the next twd successive retrievals
(Figs. lGB—D); "All show‘low level, relatively degraded petroléum hYdro~
carbops aﬁd algal Biogenics. .The ch;oﬁatograﬁ of the‘hydrncarbqns in the
gill monitors fromrthe.fourth retrie&al.at‘this éaﬁé statfion (Fig.»i6E),
- however, sh6WS a rather large{recenﬁ input of fresh fuei @ils. Although
only-one épill event occurred‘during the‘eighﬁ days‘monit@red at #his E
station (Figs; 16B-E), spills or discharges must occur with some régﬁlarity
for the>whole body tissues to show such elevatéd céncentrati§ns-(Fig. 16A)
(Stegemanx{aﬁd Teal, 1973; Fossato and.Canzonier,;1976)mr |

“fh'éontraSC,‘the 1argé pulse of petroleum hydrocarboms evidenced by
the chromatdgréms of gill monitors from Bloody Point Bar {Fig. 14B),
presumably from a bilge pumpiqg incidént, is nbt reflected in the chroma-
ﬁograms ofthyarocarbons iﬁ the whole body tissues ffém monitors at this
station (Fig. 17A) ﬁhich gxhibit é relatively low ﬁean petroleunm hydro-
carbon concentration. The pulsed nature of this input ié clearly evident’
as the gill monitors from retrievals both freceding and following this
" date show only relatively low concentrations of petroleum hydrocarbons.
Pulsed inputs of this ﬁature musf have been relatively imfrequent during
the three weeks monitored by the whole body tissues in order for these
tissues to demonstrate the low concéhtrations seen in Fig. 17A.

Comparison of the chromatograms of the hydrocarbons: in whole body

monitors and gill monitors: also show consistent qualitative differences;
Biogenic hydrocarbons (n—ClS, n—C17, pristane) appear gemerally absent

from whole body tissues (Fig. 9A, 16A, & 174) but are clearly present in
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gill tissués (Fig. 12, 16B, & 17B). The breéeﬁce of these biogenics in
the whole body tiésues of St. Mary's River coﬁtrdl ofsters (Fig. 74),
however, éuggesté that these may be present in the whole body monitors,
but obscured by the larger UCM ﬁ#eseﬁt in the,sampxes; Thg very largg
biogenic n—C3l péak appearing in mogt of the whole body sémﬁles-(Figs‘ 9A;
16A & 17A), and 1its absence from gill‘samples.(Figs.~12, 13, & l7B)’ma§
result froﬁ either its selec£ive'uptake, or its éelecti@e retention‘;s
" the control oysters alsc possesa>this peak (Fig. ZA).» 

Evén though biogenics are c1early.evideut in-the gill monitors, the
relatively higher‘concentration, dn a dry weight basis, as well as more
clearly reéblved peaks due to a2 lawer UCM, facilitates identification of
the petroleum hydrocarbons present.

It is ;léar that the shorﬁ-term biomonitor is an effective method
. of monitoring day to day changes in hydrocarbon concentrations.> The
gill tissuesvrespond rapidly to spill or diSchérge incidénts and'pro§ide
a clear_picture of the hydrocarbons present in the water. The gills also
depurate ér tranéfer the accumulated hydrocarﬁons into the body ovef'short
time periads and are thﬁs extremely-useful‘in answering both qualitative
cand quantit;tive questions about hydrocarbon concentrations that might
fluctuaﬁe widely in time, i.e. shall repetitiﬁevdischarges from vesée@s
at anchor or terrigenous inputs following heavy rainfall.

We feel that a combination of long-term (2-4 weeks) and short-term
(24-48 hours) monitors can provide information on the overall integrated
hydrocarbbn levels as well as daily fluctuations indicating specific short-

term input.
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Sediments:

Generaliy the sediment hydrocarbon concentrations reflected the
hydrocarbon ;onceﬁtrations of the water column above them. Thus, the
Patapsco Ri&er station sediments had the higﬁest concentratiéns (Fig. 18A)
and the southern eastern shére stations the lowest (Fig. 183) withvconr
centrations decreasing dowﬁ the Baf.' All sediment sampleé had considerable
.amounts of the n—C23 - n—031 tefrigenous Biogenics and a UCM which is
indicative of highly degfaded-petroleum hydrocarbons (WEhmilier-ﬁnd Lethen,
1975; Teal and Farriﬁgton,_l977). The major difference betwéen tﬁe.hydrd—
carbons iﬁ the sediﬁents from the.differeﬁt.stétioné’ﬁaé tﬁe_size_of the .
UCM (Fig. 18), ana hence; the amount of degraded betrbleum present.  The
Eloody Point Bar and Brickhouse Bar stations had relatively "clean” 
sediments with a low UCM (Fig. 18B), while sediments from the,athér stations
had a UCM similar to that observed at the Patapsco River'station~(18AJ. N
The relative absence of petroleum hydrocarbons in tﬁé sediments of the
southern eastern shore stations (Fig. 18B), but preseﬁce in the:correéponding
western shore stations, probébly results from circulation patterns %n this
part of the Bay. The western shore stations receive most of their sediments
and hydrocarbons from freshér waters flowing down this sh0re, while the
southern eastern shore stations receive much of their sediment from further
down the Bay.

Biological Relevance:

Anderson (1977)_:eported that there is little agreement between‘tissue‘
‘hydrocarbon levels and sublethél effects, thefefore water levels are more
appropriate in predictinglthESe effects, In order to determiné the signifi-
cance .of the hydrocarbon levels determined in oyster tissues, therefore, it
is necessary to back calculate to the hydrocarbon concentrations found in

the Bay waters. Burns and Smith (1981) have demonstrated that withinm the



K]

34

range from 1 ug/Evto 400 yg/? there is a linear relationship between lipid
‘concentration and water concentration. The simplest model agsumes bio-
concentration is independent of other conStituenté in seawater and defines

a bioconcentfation factor KBcf as the concent;ation of hydrocarbdnsbin_animal
tissue divided by concentration in surrounding Qafer. Using the KBcf dgtermined
for oyster iipid by Stegman and Teal (1973), the hydrocarbon concentrations
of the water were calculated at the~Bay baseline monitoring,stations._ Valﬁes
‘in the upper Bay ranged from a high value of 9.2 and 4.3 vg/2 at the Patapéco 
‘ and Swan Point stations, respectively, to low values'éf 3.1 and 3.8 ug/2 at:"
_the‘Cedarhurst~and~Bloqdy Point Bar Stations.‘FWithin ﬁhe anchérage,lboth ;
lely Point (4.7 ug/l).and Brickhouse Bar (5.59 ugk&j showed elevated values.

These values are comparable to those reported in the iiterature for

~coastal waters in urban industrial areas (Farrington et al., 1980) and fall
within. the range of values (O.IVUg/Q-to 22 pyg/4) reported in the vicinity
of oil loading docks (Burms and Smith, 1978).

Interpretation of the significance of these levels of‘hydrocarbons is ’
difficult due to the lack of information on the effects of chromnic low doses
of o0il (Connell.and Miller, 1981). Some generalizationm, however, can be
made. The impace of 0il on marine and estuariné ecosystems is govermed by
seﬁéral factors -~ physical, chemical and biolegical - in addition to the
inherent complexity of crude and refined petroleum.. Many estuarine organisms
are living'nea; the.limit of their tolerance range and any additional stress -
ifmposed by even low levels of petroleum could eliminate sensitive'organisﬁs
from the estuary (Odum, 1970). in variable environﬁents like the Chesapeake;
responses to stresses such as oil are also variable (Evans and Rice, 1974).
The ability of estuarine communities to endure pil stress will be influenced
by the variability of»naturai stress and by differences in_vulnerabilitf of

different stages in an organism's life cycle, its state of nutrition, and

other factors.



e

Py

-~

There is an enormous body of literature on the effects of high level
0il contamination on organisms (see reviews_b& Moore and Dwyér, 1974 |
Anderson et al.; 1974; Hyland and Schneider, 1976; Johﬁson, 1977; Wolfe,
1977; Connell and Miller, 1981). Data collected after majc:rspill-incidents‘
provide: us with a reasonably clear picture of thg effects of large acutg-‘
inputs (see réviews'by Sanders EE_EL.; 19803 Kineman gg_gl;; 1980).
Laboratorf studies have increa;ed oﬁr-understanding of.subléthal effects,
but'considerably more»information'on the inferéction of suﬁlethal oil
concentrétions an& other énvironmental stresses is requifed (Widdows gg_gkﬁ, 
1982).. The vast majority of stuaies reporting effects on estuarine organisms
is for.oil concentrations greafer tﬁan 100 pg/e - thé-upper Chesapeake_
contains only one-tenth that level.

Widdows et al. (1982),. however, presents extensive data on the effecfs
of low_petroleum hy&f&;arﬁon concentrations on mussels. At sea water
conceﬁﬁrations of 30 ug crude o0il/% seawater, they notednsignificant'réduction
in feeding rates and elevaﬁed respiratory rates. Mussels expﬁsed to oﬁly
30 pz/e also‘showed marked reductions in energy évailable for growth (scope
for growth), and structural and functional changes iﬁ tﬁeir digestive system
(Widdows et al., 1982).' In addition, Widdows et al; (1982) deﬁonstrated
substantial reduction in the scope for growth at tissue hydrocarbon

concentrations comparable with those recorded in this study. Mussels with

aromatic hydrocarbon concentrations equal to those from oyster monitors at

Bodkin Neck or Swan Point, for example, showed a 40% reduction in their
scope for growth. |

From the data reported herein, we conclude that the petroleum hydro-
carbon concentrations in the upper Chesapeake.Bay do indeed exceed concentra-—
ﬁions observed in "clean" environments; however, these concentrations .fall

well within the range of concentrations reported in other heavily utilized
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wéterways receiving wastewater discharges. These hydrocarbons in the upper
Chesapeake Bay are dispersed down the estuary_providing eievated background
throughout the Annapolis Roads area. Nevertheless,.vessels at anchofvwithin
the Roads appear to contribute measurable quantities of petroleum hydrocarbons.
Oﬁ the basis of the data from the Brickhouse Bar station, we estimate this
contribﬁtion to be apﬁroximately'ISZ of thé total.hydrocarbon load of the
waters in the anchorage. | -

The concéntfations of petroleum hydrqcarbons‘obse;ved‘within the anchorage.
areé aré-currently well below those fhat would result in acute biologicai
effects, But recent evidence suggests that these concentrationé are in excess
of levels that can produce sublethal effects in.bifaive-mblluscé. In thié
light, even slightly elevated background concentfationszof pollutants may

significantly affect natural populations.
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Table I.

48-hour Short Term Monitors

Station Number

‘Location of. Sampling Stations For Bay Base Line Biomonitors and

Location

Geographic Reférence

Map Coordinates

I

I

A

1

2

, II 4

5, IT 5

9, I1 9

110, IT 10

Bodkin Neck
Patapsco River

Swan Point
Eastern Shore

Hackett Point
Bay Bridge West

Stevensville

-Bay Bridge East

. Tolley Point
Mouth of Severn River .

Britkhouse Bar
Kent Island

Chinks Point
Severn River

Thomas Point Shoal
South River

Cedarhurst
West River

Bloody Point Bar
South Kent Island

76026'W
39710'N

76217'w
39°8'N

76224'W
38°59"N

- 76%22'w

38%58'N

76°26'W

38%56'N

76223'W
38°55'N

76229'W
38%58'N

76226'W
38%54'N

76228'W
38°50'N

76%24'y

- 38%0'y

o
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Station Recovery of Phase I baseline stations (I,#) and the three

IT 10-4

oysters

Table II.
sets of Phase II oyster gill monitor statiomns (II,{#)

Station Date Set Date Recovered
I1 7/23/81 12 oysters each station 8/11/81 A1l recovefed
12 _ 7/23/81 12 oysters each station 8/11/81 All recovered alive
I3, 1II 31 7/23/8L 12 oysters each station 8/11/81 Station not recovere
I 4, II 4-1 7/23/81 12 oysters each station 8/11/81 Station not recovere
I5 1IIS5-1 7/23/81 12 oysters each station 8/11/81 Crash damage/l recov
I6, II 6-1 7/23/81 12 oysters each statidn' 8/11/81 All recovered
17, 7/23/81 12 oysters each statidn 8/11/81 All recovered

8, "II 8-1 7/23/81 12 oysters each station 8/11/81 All recovered

9, 1II 9-1 7/23/81 12 oystérs each station 8/11/8L All recovered

10, IT 10-1 7/23/81 12 oysters each station 8/11/81 All recovered
11 3-2 8/11/81 12 oysters each station >8/13/81>AStation not recovere
I 4-2 8/11/81 12 oysters each station  8/13/8L All recovered
II.5-2 3/11/81 12 oysters -each statiom 8/13/81 All recovered
IT 6-2 8/11/81 12 oysters each station - 8/13/81 All recovered
1T 8-2 8/11/81 12 oysters each station 8/13/81 All recovered -
IT 9-2 8/11/81 12 oysters each station 8/13/81 All recovered
II 10-2 8/11/Si 12 oysters each station 8/13/81. All recovered.
AII 3-3 8/13/81 12 oysters each statioh{_ 8/15/81 All recovered
II 4-3 8/13/81 12 oysters each station 8/15/81 Station not recoverec
I1 5-3 8/13/81 12 oysters each station 8/15/81 Ali recovered
IT 6~3 8/13/81 12 oysters each station 8/15/81 All recovered
11 8-3 8/13/81 12 oysters each station - 8/15/81 All recovered.
II 9-3 - 8/13/81 12 oysters each station 8/15/81 All recovered
IT 10-3 8/13/81 12 oysters each station 8/15/81 A1l recovered
IT 3-4 8/15/81 12 oysters each station 8/17/81 Station not recoverec
11 4-4 8/15/81 12 oysters each station 8/17/81 Station not recoverec
IT 5-4 8/15/81 12 oyéters each -station 8/17/81 All recovered.
II 6-4 8/15/81 12 oysters each station  8/17/81 All recovered
11 8-4 8/15/81 12 oysters each statiom 8/17/81 All recovered
TI 9-4 8/15/81 12 oysters each station . 8/17/81 bAll recovered

8/15/81 12 each station 8/17/81 All recovered
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Table IITA. Percent recovery of Fl aliphatics from spiked samples of St. Mary's
River oysters.

ug Recovered ug Recovered ' X
Compound ug Added -ug 12 Control’ -ug ig Control. % Recovered
C12 0.96%96 0.340 0.397 ’ 38.0
Clé . 0.9916 0.686 0.713 70.5
C15 1,8560 1.797 1.832 ' 97.7
Cl16 1.0053 0.768 0.806 o 78.3
C18 -0.9155 0.800 .. 0.823 - '88.6
C20 3.0000 S 3.011 3.100 101.8
c22 , 1.0213 0.961 : 0.978 99.9
C24 0.9865 -0.871 ~ 0.879 _ 88.9
. C26 ' 1.0000 0.878 0.882. 88.0
c28 . 1.0000 0.802 0.827 _ 81.4
€30 , - 1.0000 . 0.801 : . 0.839 82.0
c32. - 1.0000 ‘0.832 - 0.838 . 83.5
c34 _ . 1.0000 0.866 . © 0.90&4 : 88.5
€36 1.0780 0.728 - - 0.761 68.9
Androstane 1.7490 ' 1.074 ' 1.100 62.1

Mean overall 80.88%
SD : 16.04%

Table IIIB. Percent recovery of F, (aromatics). from spiked samples of St.
Mary's River oysters.” . . o o -

: ug Recovered ug Recovered X
Compound ug Added -ug in Control -ug in Control % Recovered
: A ‘B

‘Hexamethylbenzene 169.0 : 46 ' 66 33.1
Hexaethylbenzene 157.2 112 104 68.0
Anthracene 170.0 75 70 ' C 43.3
4 €22 - 169.3 0.00 0.00 ‘ 0.00

i C15 158.7 0.00 : 0.00 ~ 0.00

Andrcstane - 146.0 0.00 g.00 0.00

.Mean overall 48.07

SD 17.28%
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Subsurface Buo y
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Fig. 3. Tauc-line buoy system employed for incubating samples at
each sampling station (after Young et al., 1976).
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Middle region of the Chesapeake Bay showing the location of the
anchorage for vessels awaiting entrance to the port of Baltimore.
Biomonitoring stations 1-10 are indicated by circled numerals.
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A. Gas chromatogram of aliphatic hydrocarbons in oyster whole hody

Figure 16.

Gas chromatograms of
(B—E,respectively).'

ion.

from the Brickhouse Bar stat :
aliphatic hydrocarbons in oyster gill tissue from the first through

the fourth retrievals at the Brickhouse Bar statiom
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D. Gas chromatogram of n-

Cl2 to n—C3-6 homologous series.
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Figure 19.
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